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Abstract. We discuss the constraints on Supersymmetry in the Higgs sector arising from LHC searches,
rare B decays and dark matter direct detection experiments. We show that constraints derived on the
mass of the lightest h0 and the CP-odd A0 bosons from these searches are covering a larger fraction of the
SUSY parameter space compared to searches for strongly interacting supersymmetric particle partners.
We discuss the implications of a mass determination for the lightest Higgs boson in the range 123 < Mh <
127 GeV, inspired by the intriguing hints reported by the ATLAS and CMS collaborations, as well as those
of a non-observation of the lightest Higgs boson for MSSM scenarios not excluded at the end of 2012 by
LHC and direct dark matter searches and their implications on LHC SUSY searches.
PACS. 11.30.Pb Supersymmetry – 12.60.Jv Supersymmetric models – 14.80.Da supersymmetric Higgs
bosons
1 Introduction
The search for Supersymmetry (SUSY) is the main fo-
cus of the studies of physics beyond the Standard Model
(SM) at the LHC. Having acquired the status of possi-
bly the best motivated theory of new physics over the
past decades, Supersymmetry in its minimal incarnation
(MSSM) with R-parity conservation is widely regarded as
the template for theories and models with a conserved
quantum number, leading to a candidate for relic dark
matter and distinctive experimental signatures with hadrons,
leptons and missing transverse energy, MET .
In view of the negative results of the searches in chan-
nels with MET conducted by the ATLAS and CMS ex-
periments on more than 1 fb−1 of statistics at 7 TeV [1–5],
questions on the continuing viability of the MSSM have
arisen. These have been driven in particular by the strong
impact of the LHC exclusion bounds on highly constrained
MSSM models, such as the CMSSM and mSUGRA with
few free parameters. Studies considering more general mod-
els without implicit correlations between the masses of the
supersymmetric particle partners, such as the 19-parameter
phenomenological MSSM (pMSSM), have demonstrated
that a wide phase space of solutions, compatible with
flavour physics, low energy data and dark matter con-
straints and beyond the current sensitivity of the LHC
experiments, exists [6–8]. Even at the end of the current
LHC run, with an anticipated integrated luminosity of or-
der of 15 fb−1 per experiment, many of these solutions
will not be tested. These solutions are compatible with all
present bounds and ∼30% of them have values of the fine
tuning parameter, according to the definition of Ref. [9],
below 100. This will make not possible to falsify the MSSM
as the model of new physics beyond the SM and the source
of relic dark matter in the universe, if no missing ET signal
will be observed at the LHC by the end of 2012.
However, there is an alternative path to tightly con-
strain and test the MSSM at the LHC, which involves
the bounds on its Higgs sector. Searches for the Higgs bo-
son are expected to either discover or exclude a SM-like
neutral Higgs boson with mass in the range 114 < MH <
127 GeV, which represents the current combined LEP and
LHC mass bounds [10–12] and corresponds to the mass
range expected for the MSSM light Higgs boson, h0, as
well as that indicated by electro-weak data for a SM-like
boson,H0SM . Presently, both ATLAS and CMS have a sen-
sitivity to a light neutral Higgs boson in this mass range
comparable to production yields expected in the SM. In
the MSSM, the h0 mass depends on radiative corrections
generated by SUSY loops and its couplings can be shifted
resulting in a suppression (or an enhancement) of the pro-
duction cross sections and decay branching fractions for
the channels most relevant for the results of the LHC Higgs
searches, compared to the SM predictions. However, such
a suppression implies phenomenology which can be stud-
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ied or constrained in direct SUSY searches and in rare B
decays at the LHC as well as in direct dark matter detec-
tion experiments, by the end of 2012.
In this paper we discuss these constraints and their
implications on the MSSM from a study of the pMSSM
with 19 free parameters [13], where we assume that the
lightest neutralino, χ01 is the lightest supersymmetric par-
ticle (LSP). We further assume that the neutralino LSP is
the weakly interacting massive particle (WIMP) respon-
sible for (at least part of) the dark matter in the universe
and focus on two scenarios for the light h0. First, we con-
sider a light Higgs boson with 123 < Mh0 < 127 GeV, as
possibly suggested by the intriguing hints in the prelimi-
nary results of the Higgs searches at the LHC with almost
5 fb−1 of data [10–12]. Then, we consider the exclusion of
the Higgs boson to a rate three times below that predicted
in the SM, by the end of 2012. This paper is organised as
follows. In section 2 we summarise the dependence of the
Higgs mass and of the mechanisms of suppression of Higgs
event yield at the LHC on the MSSM parameters, while
section 3 investigates the present and projected bounds
from LHC and DM experiments. We present the scenarios
compatible with these bounds in section 4, while section 5
has the conclusions.
2 SUSY Higgs bosons and pMSSM scans
The calculation of the lightest Higgs boson mass, Mh0 , in
the MSSM is the most precise prediction for a particle in
the SUSY theory. After accounting for radiative correc-
tions, Mh0 . 135 GeV [14–16]. It is tantalising that this
bound falls in the mass range indicated by electro-weak
fits and within the window left open by Higgs searches at
LEP-2, Tevatron and the LHC. This makes its search the
most readily available method to either confirm or falsify
a firm SUSY prediction. While the discovery of a Higgs-
like particle in this mass range would also be compatible
with the SM only, without any SUSY extension, and its
exclusion could be reconciled with the SM, the exclusion
of the Higgs boson in this range would put an end to
the MSSM as viable extension of the SM. At the same
time the determination of the lightest Higgs mass would
provide us with constraints on the MSSM parameters. In
particular, a value of Mh around 125 GeV either rules out,
or severely constrains, several scenarios so far extensively
used in the study of Supersymmetry, such as the so-called
“no-mixing” and “typical-mixing” scenarios [17].
In order to study the properties of SUSY Higgs bosons,
we perform a flat scans of the pMSSM, where we vary its
19 parameters in an uncorrelated way within the ranges
given in Table 1, and generate a total of 40M points. The
scan range is explicitely chosen to include the so-called
“maximal mixing” region [18], at Xt ∼
√
6MSUSY, where
Xt = At − µ cotβ and MSUSY = √mt˜1mt˜2 , which corre-
sponds to larger values of Mh0 . We select the set of points
fulfilling constraints from flavour physics and lower en-
ergy searches at LEP-2 and the Tevatron, as discussed
in [8]. We find 65 < Mh0 < 143 GeV for points compati-
ble with those constraints . In addition, we perform dedi-
Parameter Range
tanβ [1, 60]
MA [50, 2000]
M1 [-2500, 2500]
M2 [-2500, 2500]
M3 [50, 2500]
Ad = As = Ab [-10000, 10000]
Au = Ac = At [-10000, 10000]
Ae = Aµ = Aτ [-10000, 10000]
µ [-3000, 3000]
Me˜L = Mµ˜L [50, 2500]
Me˜R = Mµ˜R [50, 2500]
Mτ˜L [50, 2500]
Mτ˜R [50, 2500]
Mq˜1L = Mq˜2L [50, 2500]
Mq˜3L [50, 2500]
Mu˜R = Mc˜R [50, 2500]
Mt˜R [50, 2500]
Md˜R = Ms˜R [50, 2500]
Mb˜R [50, 2500]
Table 1. pMSSM parameter ranges adopted in the scans (in
GeV when applicable).
cated scans for specific scenarios yielding large suppression
of the Higgs production and decay channels explored at
the LHC, where we restrict the ranges of a subset of the
pMSSM parameters, as discussed in section 3.
The details of the pMSSM scans and the tools used for
the computations of the spectra and relevant observables
have been presented in details elsewhere [8]. Here we men-
tion only those most relevant to this study. SUSY mass
spectra are generated with SOFTSUSY 3.2.3 [19]. The de-
cay branching fractions of Higgs bosons are obtained us-
ing HDECAY 4.40 [20] including gaugino and sfermion loop
corrections, and cross-checked with FeynHiggs 2.8.5 [21,
22]. The widths and decay branching fractions of the other
SUSY particles are computed using SDECAY 1.3 [23]. The
dark matter relic density is calculated with SuperIso Relic
v3.2 [24–26], which provides us also with the flavour ob-
servables. The neutralino-nucleon scattering cross-sections
are computed with micrOMEGAs 2.4 [27]. The gg and bb
Higgs production cross sections are computed using HIGLU
1.2 [28, 29] and FeynHiggs 2.8.5, respectively. The Higgs
production cross sections and the branching fractions for
decays into γγ and WW , ZZ from HIGLU and HDECAY
are compared to those predicted by FeynHiggs. In the
SM both the gg → H0SM cross section and the branch-
ing fractions agree within ∼3%. Significant differences are
observed in the SUSY case, with HDECAY giving values of
the branching fractions to γγ and WW , ZZ which are on
average 9% lower and 19% larger than those of FeynHiggs
and have an r.m.s. spread of the distribution of the rela-
tive difference between the two programs of 18% and 24%,
respectively. In the following, we use HDECAY throughout
the analysis and we comment on the effects of using the
results of FeynHiggs instead at the end of section 4.1.
Then, we test the sensitivity to the b-quark mass by vary-
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ing the b pole mass by ±200 MeV. The corresponding
relative change of the SUSY to SM ratio of the branch-
ing fractions is ±0.1 % for both γγ and WW/ZZ decays.
Finally, we test the decoupling limit by taking the ratio
of the SUSY branching fractions to their SM counterparts
for MA > 700 GeV for HDECAY. We find 0.994±0.005 and
0.954±0.005 for γγ and WW/ZZ. For computing the ra-
tio of the γγ branching fraction in SUSY and the SM
and test the decoupling limit, the electro-weak corrections
to the SM γγ decay width [30], which decrease the SM
branching fraction by 2 to 3% in the mass interval 90
< MH < 140 GeV and are not known for the MSSM, are
removed.
2.1 Coupling suppression through SUSY corrections
The ratios of the h0 couplings to up-type quarks and
gauge bosons to their SM values scale as cosα/ sinβ and
sin(β − α), respectively, where α is the mixing angle in
the CP-even Higgs sector and depends on MA for small to
intermediate values of its mass. This induces a decrease
of the couplings to top and W±, Z0 which propagates to
the σ(gg → h0), h0 → γγ, W+W− and h0 → γγ, Z0Z0
branching fractions.
At relatively high values of tanβ and for some values
of the soft SUSY parameters which enter in radiative cor-
rections for the Higgs sector, the coupling of the h0 boson
to b quarks and τ leptons becomes strongly suppressed.
In the case of the h0bb¯ couplings, additional suppression
could also occur as a result of vertex corrections involving
gluino/sbottom loops.
In the decoupling regime, scalar top and, to a lesser
extent, bottom contributions may still suppress the glu-
onic width and thus the gg → h0 cross section as well
as the h0 → γγ decay branching fraction. This is impor-
tant for light squark masses and large values of the mixing
parameter in the stop sector, Xt [31–34].
Finally, at high tanβ and low MA values, there is the
so-called “intense coupling” regime [35] in which the three
neutral Higgs bosons are very close in mass and have en-
hanced couplings to bottom quarks and tau leptons and
thus, reduced branching ratios to W and Z bosons and
to photons. Some points of the parameter space in which
this scenario occurs, in particular at tanβ > 10, should
be removed by the h0, H0, A0 → ττ searches.
2.2 Rate suppression through decays to SUSY particles
Decays into pairs of SUSY particle, with mass smaller than
Mh0/2, modify the h
0 branching fractions into SM parti-
cles. In practice there are two scenarios which are relevant
to the reduction of the SM yields. If the LSP neutralino
is light, the decay h0 → χ˜0χ˜0 may induce a large h0 in-
visible decay width and suppress its standard decays for
some specific combinations of the M1, M2 and µ param-
eters [33, 34, 36]. This scenario has received only some
marginal attention [37, 38] so far1. It is now becoming an
1 It has now been reconsidered in details in [39].
intriguing possibility in view of the results by the DAMA,
CoGENT and CRESST experiments, all reporting excess
of events compatible with the interaction of a light WIMP
with large scattering cross section on nucleons. We study
this possibility with a dedicated scan where we restrict
the parameter ranges to −120 < M1 < 120 GeV and
−650 < M2 < 650 GeV. Detailed results on pMSSM sce-
narios compatible with the possible signal reported by the
three experiments are given elsewhere [40]. Here, we do
not consider the χ˜p cross section as a constraint and study
instead the modification of the Higgs branching fractions
induced by decays into χ˜01 pairs. The constraint from the
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Fig. 1. The ratio of the branching fraction for h0 → γγ (up-
per panel) and W+W−, Z0Z0 (lower panel) to the SM pre-
diction, obtained with HDECAY, as a function of the lightest
neutralino mass for pMSSM points with A0 boson, t˜1 and b˜1
masses above 500 GeV. The dashed and full vertical bars give
the full range of values for pMSSM points before and after
applying the constraint on the Z0 invisible width, respectively.
Z0 invisible decay width measured at LEP restricts the
parameter space to points where the χ˜01 is bino-like, if
its mass is below 45 GeV, and thus to relatively large
values of the higgsino mass parameter |µ|. Since a large
decay width into χ˜01χ˜
0
1 corresponds to small values of |µ|,
this remove a large part of the parameter space where
the invisible Higgs decay width is large. Still, we observe
an important suppression of decays into γγ and W+W−,
Z0Z0 for 45 GeV< Mχ˜0 < Mh0/2 and |µ| < 150, corre-
sponding to a combination of parameters where the χ˜01 is
a mixed higgsino-gaugino state. In this region, the sup-
pression reaches values up to a factor of five, which may
upset the sensitivity of the LHC light Higgs searches in the
canonical channels (see Figure 1). The second scenario has
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the lightest stau, τ˜±1 , below threshold for the h
0 → τ˜+1 τ˜−1
decay. In this case the decay into stau pairs almost satu-
rates the h0 decay width and again suppresses the γγ and
WW/ZZ rates [41]. Since the Mτ˜1 −Mχ˜01 is small the h0
decay consists of two very soft τ jets which would fail the
trigger cuts at the LHC. However, this scenario is tightly
constrained by the results of the LEP-2 searches.
3 Current and projected bounds
We consider four sets of constraints on SUSY parame-
ters. These are from direct searches i) for SUSY particles
with MET signatures and ii) for A0 bosons in the chan-
nel A0 → τ+τ−, iii) from the Bs → µ+µ− rare decay and
iv) from dark matter direct detection experiments. These
constraints, originating from different sectors of the the-
ory, are all sensitive to the SUSY parameters most rele-
vant for setting the couplings and decay branching frac-
tions of the light h0 bosons. Their combination provides
the boundary conditions for the parameter space where
we test the possible suppression of the yields in the LHC
Higgs searches. We start from the situation outlined by
the current data and project towards the status of these
bounds at the time of the completion of the LHC run, for√
s=7 TeV, at the end of 2012, assuming no signal is ob-
served, except for the Bs → µ+µ− decays, for which we
assume a branching fraction equal to its SM expectation.
3.1 Direct g˜ and q˜ searches at LHC
The direct searches for MET signatures with jets and lep-
tons probe g˜ and q˜ masses up to ∼500 GeV with 1 fb−1
and ∼750 GeV with 15 fb−1 at 7 TeV [6–8]. LHC opera-
tion at 8 TeV for an integrated luminosity of 15 fb−1 will
further push this sensitivity. While these are significantly
constraining its parameter space, they are hardly decisive
in disproving the MSSM as a viable theory. In fact, the
gluino and squark masses can be pushed beyond those
kinematically accessible in the current LHC run and still
the MSSM would have all those features which have made
SUSY so popular as SM extension, though at the cost of
an increase of the fine tuning parameter.
Of special interest, in relation to the Higgs sector, are
the constraint derived on the mass of the lightest scalar
top, t˜1 quark. This squark is correlated with Mh and it can
play a role together with the b˜1 in modifying the h
0 cou-
plings. Figure 2 shows the fractions of accepted pMSSM
points which are compatible with the results of the CMS
analyses in the fully hadronic [1] and in the leptonic chan-
nels [4, 5] on 1 fb−1 and its projection for 15 fb−1 at 7 TeV,
as a function of the masses of the lightest squark of the
first two generations q˜1,2 and of the t˜1. These are obtained
performing the same analysis as in [8]. In the upper left
panel of Figure 2 we also present a first estimate of the
improvement of the sensitivity to scalar quarks of the first
two generation for 8 TeV LHC operation. From the results
of generic scalar quark searches, which are not optimised
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Fig. 2. Fraction of accepted pMSSM points not excluded by
the SUSY searches on 1 (filled circles) and 15 fb−1 of LHC
data at 7 TeV (open circles) and at 8 TeV (open squares) as
a function of the mass of the lightest squark of the first two
generations (upper left panel), of the mass of the scalar top t˜1
(lower left panel), of tanβ (upper right panel) and of the mass
of the lightest neutralino χ˜01 (lower right panel).
for t˜, and dedicated tt¯ + MET analyses, as that of ref. [42],
15 fb−1 of LHC data should be sensitive to MSSM solu-
tions with light scalar quarks of the third generation with
masses ∼300-400 GeV (see also [43]). Sensitivity beyond
this mass limit is limited by the small production cross
sections and the large backgrounds from top events. On
the other hand, after removing pMSSM points excluded
by the LHC searches, the acceptance w.r.t. other variables
of interest here, such as MA and tanβ, is flat, indicating
that the gluino and scalar quark searches do not influence
the Higgs sector parameters.
3.2 Direct A0 → τ+τ− searches at LHC
The result of the direct search for the A0 boson at the LHC
is the single most constraining piece of information on the
(MA, tanβ) plane. The CMS collaboration has presented
the results of a search for neutral Higgs bosons decay-
ing into τ pairs based on 1.1 fb−1 of integrated luminos-
ity [44] and recently reported a preliminary update based
on the analysis of 4.6 fb−1 [10]. The search not revealing
any significant excess of events, limits on the product of
production cross section and decay branching fraction as
a function of the boson mass, corresponding to the 95%
C.L. expected bound are given in [45]. In order to map
these bounds on the (MA, tanβ) plane for the pMSSM and
project them to 15 fb−1 of data, we compute the product
of production cross section and decay branching fraction
into τ pairs for the A0 for each accepted pMSSM point.
First we validate our procedure by taking the contour of
the points having this product equal to that correspond-
ing to the CMS expected limit. The right panel of Figure 3
shows this region for pMSSM points compared to the pub-
lished CMS contour. These agree within 15%. Then, we
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Fig. 3. Distribution of pMSSM points after the A0 → τ+τ−
search projected on the MA (upper panel) and (MA, tanβ)
plane (lower panel) for all accepted pMSSM points (medium
grey), points not excluded with 1 fb−1 of data (dark grey) and
the projection for the points not excluded with 15 fb−1 of data
(light grey). The dashed line on the (MA, tanβ) plot indicates
the 95 % C.L. limit derived by CMS in the Mh-max scenario
with MSUSY = 1 TeV for 1.1 fb
−1.
rescale the product to reproduce the projected limit for
15 fb−1 and remove the points which can be excluded if
no signal is observed. Figure 3 shows the points surviving
this selection in the MA and (MA, tanβ) parameter space.
We note that the 2012 data should severely constrain the
low MA scenario by removing all solutions with MA <
220 GeV and restricting the region with MA < 400 GeV
to tanβ values below 10. However, a tiny region with 220
< MA < 350 GeV survives for tanβ ' 5.
3.3 B0s → µ+µ− at LHC
The decay Bs → µ+µ− is very sensitive to the presence of
SUSY particles. At large tanβ, the SUSY contribution to
this process is dominated by the exchange of neutral Higgs
bosons, and very restrictive constraints can be obtained on
the supersymmetric parameters [46]. Indeed, the couplings
of the neutral Higgs bosons to b quark and muons are
proportional to tanβ, which can lead to enhancement of
orders of magnitude compared to the SM value, which is
helicity suppressed.
The Bs → µ+µ− decay has been searched for at the
Tevatron and the LHC. The CDF experiment has reported
and excess of events corresponding to a branching frac-
tion of (1.8+1.1−0.9)×10−8 [47]. The LHCb and CMS collab-
orations did not observe any significant excess and re-
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Fig. 4. Distribution of pMSSM points after the Bs → µ+µ−
constraint projected on the MA (upper panel) and (MA, tanβ)
plane (lower panel) for all accepted pMSSM points (medium
grey), points not excluded by the combination of the present
LHCb and CMS analyses (dark grey) and the projection for the
points compatible with the measurement of the SM expected
branching fractions with a 20% total uncertainty (light grey).
leased a 95% C.L. combined limit of BR(Bs → µ+µ−) <
1.1 × 10−8 [48], which is only ∼4 times above the SM
predictions. In order to take into account the theoretical
uncertainties, in our numerical analysis we adopt the limit
BR(Bs → µ+µ−) < 1.26× 10−8.
We compare our accepted pMSSM points to this limit
as well as to the projected constraint in the case of ob-
servation of the decay with a SM-like rate of BR(Bs →
µ+µ−) = (3.4 ± 0.7)×10−9, to which we have attached
a 20% total relative uncertainty, by the end of the 2012
run. The results are presented in Figure 4 in the MA and
MA–tanβ planes. The current limit affects the low MA
values up to 700 GeV, excluding large tanβ values, below
MA ∼200 GeV. The projected constraint has a stronger
impact, with more than half of the spectrum being ex-
cluded for MA . 700 GeV. However, the low tanβ region
at tanβ ∼ 5 remains largely unaffected also by this con-
straint.
3.4 Dark matter direct detection experiments
Dark matter direct detection experiments have made great
progress exploring χ˜p scattering cross sections in the range
predicted by the MSSM [49, 50]. In particular, the recent
XENON 100 result [50], places a 90% C.L. upper bound
on the spin-independent χ˜p cross section around 10−8 pb
for MWIMP ' 100 GeV and excludes '20% of the ac-
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Fig. 5. Distribution of pMSSM points after the dark mat-
ter direct detection constraint projected on the MA (upper
panel) and (MA, tanβ) plane (lower panel) for all accepted
pMSSM points (medium grey), points not excluded by the cur-
rent XENON-100 data (dark grey) and the projection for the
XENON sensitivity at the end of 2012 (light grey).
cepted pMSSM points in our scan. By the end of 2012,
this bound should be improved by a factor of 7, if no
signal is observed, which will exclude '50% of the ac-
cepted pMSSM scan points within our scan range. The
χ˜p spin-independent scattering process has contributions
from scalar quark exchange and t-channel Higgs exchange [51].
The latter dominates over vast region of the parameter
space with the Higgs coupling to the proton depending
on its coupling to gluons, through a heavy quark loop
and to non-valence quarks. The scattering cross section
retains a strong sensitivity on the CP-odd boson mass as
highlighted in Figure 5 which shows the pMSSM points
retained after the XENON 100 and the projected 2012
sensitivity. The 2012 data should exclude virtually all so-
lutions with MA . 200 GeV, independent on the value of
tanβ, if no signal is detected.
4 The h0 boson at LHC and MSSM
constraints
The ATLAS and CMS experiments have recently com-
bined the results of their searches for a SM-like Higgs
boson on 1.0-2.3 fb−1 of statistics per experiment [52]
obtaining a 95% C.L. upper limit on the ratio Rff =
σ×BR(h0→ff)
σSM×BR(H0SM→ff)
of 2.23 at MH = 120 GeV. Updated pre-
liminary results of the individual searches based on almost
5 fb−1 of statistics, which have just been released, are sen-
sitive to R ' 1 and give possible hints of an excess in the
number of events recorded by both experiments in several
channels around a mass value of ∼125 GeV [10–12]. Here,
we consider two distinct scenarios suggested by the 2011
LHC data and the constraints derived on the MSSM. First
we consider the effect of the observation of a Higgs boson
with a mass in the range 123 < Mh < 127 GeV, which
corresponds to the case the reported excess would be con-
firmed by the 2012 data and where the upper end of the
range represents the current 95% C.L. upper limit from
LHC.
Alternatively, we study the scenarios with a significant
suppression of the Higgs boson yield compared to the SM,
corresponding to the exclusion of a SM-like Higgs boson.
In both cases, the bounds on MA, tanβ and strongly inter-
acting sparticles define the available parameter space for
studying the h0 mass and the suppression of its couplings
and thus the reduction of the yields in the LHC Higgs
searches. We consider the two processes gg → h0 → γγ
and gg → h0 → W+W−, Z0Z0, which have the largest
sensitivities in the present searches at the LHC.
4.1 Constraints from Mh determination
The determination of the mass of the lightest Higgs boson
with an accuracy of order of 1 GeV places some signifi-
cant constraints on the SUSY parameters, in particular in
the typical mixing scenario, where its central value corre-
sponds to a mass close to the edge of the range predicted
in the MSSM. In order to evaluate these constraints, we
select the accepted pMSSM points from our scans, which
have 123 < Mh0 < 127 GeV. These are '20% of the points
not already excluded by the LHC SUSY searches with
1 fb−1 in our scan, where parameters are varied in the
range given in the central column of Table 1.
Figure 6 shows the points fulfilling these conditions,
which are also allowed by the other 2011 data constraints
and by the 2012 projection. The parameter space is de-
fined by three combinations of variables: MA – tanβ, MA
– Mχ˜01 and MA – Mq˜3 , where Mq˜3 is the minimum of the
masses of the t˜1 and b˜1 squarks. We observe that impos-
ing the value of Mh0 selects a broad wedge in the (MA,
tanβ) plane, at rather heavy A0 masses and moderate
to large values of tanβ and extending beyond the pro-
jected sensitivity of the searches in the A0 → τ+τ− but
also that of direct DM detection and would be compati-
ble with a SM-like value for the rate of the B0s → µ+µ−
decay. Next, we impose the condition that the yields in
the γγ, W+W− and Z0Z0 final states reproduce the ob-
served rates of candidate events reported by the ATLAS
and CMS collaborations. We require that 1≤ Rγγ <3 and
0.3< RW+W−/Z0Z0 <2.5. The points fulfilling these con-
straints are shown in Figure 7. Here, we observe that the
wedge in the (MA, tanβ) plane is further restricted and
solutions with Mχ01 > MA are also strongly suppressed.
The branching fractions for h0 → γγ and h0 → W+W−,
obtained with the HDECAY program, for the selected
pMSSM points fulfilling the above mentioned constraints
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Fig. 6. pMSSM points in the (MA, tanβ) (top panel), (MA,
Mχ˜01
) (centre panel) and (MA, Mq˜3), where Mq˜3 is the mini-
mum of the masses of the t˜1 and b˜1 squarks, (bottom panel)
parameter space, giving 123 < MH < 127 GeV. The differ-
ent shades of grey show all the valid pMSSM points without
cuts (black) and those fulfilling the Higgs mass cut allowed
by the 2011 data (dark grey) and by the projected 2012 data
(light grey), assuming no signal beyond the lightest Higgs bo-
son is observed. The lines in the top plot show the regions
which include 90% of the scan points for the A → τ+τ− and
Bs → µ+µ− decays at the LHC and the dark matter direct
detection at the XENON experiment, for the caption see Fig-
ure 10. The narrow corridor along the diagonal in the (MA,
Mχ˜01
) plane corresponds to the A0 funnel region where the
χχ→ A annihilation reduces Ωχh2 below the accepted range.
and with 123 < Mh < 127 GeV are shown in Figure 8. It
is interesting to observe that a rather broad range of val-
ues are possible, depending on the SUSY parameters, but
the ratios Rγγ and RWW are always highly correlated. In
Fig. 7. pMSSM points in the parameter planes (MA, tanβ)
(top panel), (MA, Mχ˜01
) (centre panel) and (MA, Mq˜3) (bottom
panel), where Mq˜3 is the minimum of the masses of the t˜1 and
b˜1 squarks, giving 123 < Mh < 127 GeV, after imposing the
additional requirements on the Higgs rates. The color coding
is the same as for Figure 6.
our pMSSM scans, we do not find solution where the γγ
yield is significantly enhanced compared to the SM while
those in WW and ZZ are either unchanged or suppressed.
The effect of the Higgs constraints on some pMSSM pa-
rameters is shown in Figure 9, in terms of the fraction
of valid pMSSM points, fulfilling the general requirements
discussed in Section 2, those from searches by the end of
2012 and giving 123 < Mh < 127 GeV. In particular, a
comparison of Figure 9 with Figure 2, which differ for the
requirements on Mh, shows that values of tanβ ≤ 6 be-
come disfavoured, while the masses of scalar quarks are
not significantly affected. Imposing the condition that the
yields in the γγ, W+W− and Z0Z0 final states are con-
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Fig. 9. Fraction of accepted pMSSM points, with 123 < Mh <
127 GeV (filled squares), not excluded by the SUSY searches
with 15 fb−1 of 7 TeV data as a function of the mass of the
lightest squark of the first two generations (upper left panel),
of the mass of the scalar top t˜1 (lower left panel), of tanβ (up-
per right panel) and of the lightest neutralino χ˜01 (lower right
panel). The open square points show the fraction of pMSSM
points after imposing the additional requirements on the Higgs
rates.
sistent with the observed rates of candidate Higgs events
reduces the fraction of accepted points preferentially at
large masses of t˜1, q˜1,2 and χ˜
0
1.
In order to estimate the effect of the program used for
computing the h0 mass and decay branching fractions, we
repeat the analysis using FeynHiggs and compare the re-
sults. We observe that 20.1% and 25.2% of the accepted
pMSSM points in our scan have Higgs mass in the range
123 < Mh < 127 GeV using SoftSUSY and FeynHiggs,
respectively. Of these 12% have Rγγ ≥ 1 using HDECAY
and 7.2% using FeynHiggs. Finally, we compute the fine
tuning parameter ∆, using the definition of ref. [9], for the
points in the accepted Higgs mass range and for those hav-
ing also the γ, WW and ZZ rates within the constraints
used above, and find that 20.6% and 18.4% of them have
∆ < 100.
4.2 Constraints from no Higgs observation
In this section, we turn to study the implications of a
non-observation of the Higgs boson at the LHC. We select
pMSSM points compatible with the current constraints
and such that no signal beyond the SM is observed in the
2011 and 2012 statistics at LHC and XENON. Further,
we request a rate suppression resulting in Rγγ and RWW ,
RZZ , the ratio of the product σ × BR to its SM expec-
tations, ≤ 0.3 in the γγ and WW , ZZ channels. Such a
suppression can be considered significant for the perspec-
tives to discover, or exclude, a Higgs boson by the end of
2012.
Analysing the pMSSM points fulfilling this selection,
we observe that three distinct classes of scenarios emerge:
i) the region of the non-decoupling scenario with MA <
250 GeV and tanβ ∼ 5 , ii) the invisible Higgs scenario
with Mχ˜01 < Mh0 and small |µ| and iii) the region with
light t˜1, b˜1 squarks. These three scenarios are realised,
respectively, in ∼10−2, 5×10−4,and 4×10−4 of the valid
pMSSM points in our scans. The evolution of the parame-
ter space for these scenarios after applying the constraints
for 5 fb−1 of LHC data plus the current XENON 100 limit
and the projected constraints for 2012 for 15 fb−1 of LHC
data and the forthcoming XENON run are summarised in
Figures 10 and 11, for γγ and W+W−, Z0Z0, using the
combinations of parameters as in the previous section.
Class i) represents the tiny part of the low MA and
tanβ region left by A0 → ττ and DM direct detection.
Only ∼8×10−2 and 7×10−4 of the points in these re-
gion remain viable after applying the anticipated con-
straints from the LHC and XENON for the 2011 and 2012
data, respectively. In this region the decay H0 → Z0Z0,
leading to the same final state as the SM Higgs process
H0SM → Z0Z0 [53, 54], is open. The results of the in-
termediate mass SM Higgs can be re-interpreted to place
constraints on the low MA scenario. We compare the prod-
uct of cross section and decay branching fraction for gg →
H0/A0 → Z0Z0 to the LHC sensitivity for the SM Higgs
decay into Z0Z0, rescaled by the assumed integrated lu-
minosity. Figure 12 shows the regions of the (MA, tanβ)
plane where the H0 → Z0Z0 rate exceeds the LHC sensi-
tivity for 5 and 15 fb−1. These cover part of the scenario
i) parameter space left after the other constraints.
The light neutralino scenario (class ii)) may prove dif-
ficult to test directly in the squark and gluino sector due
to the small transverse energy released. The dominant in-
visible Higgs decay, responsible for the yield suppression
in the canonical channels, represents a distinct signature
which should be feasible to test experimentally [38]. From
our simulation we estimate that ∼7×10−2 of the points
in this scenario should remain not excluded, after apply-
ing the constraints from the 2012 LHC and direct DM
searches. Finally, for class iii) dedicated searches for stop
and sbottom production and decay, involving t and b-
tagging in events with jets and MET are already under
way [55, 56], and will be further pursued to probe the mass
region relevant for a possible Higgs rate suppression.
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Fig. 10. pMSSM points in the (MA, tanβ) (top panel), (MA,
Mχ˜01
) (centre panel) and (MA, Mq˜3), where Mq˜3 is the min-
imum of the masses of the t˜1 and b˜1 squarks (bottom panel)
parameter space, giving a suppression of the gg → h0 → γγ
rate compared to the SM prediction, corresponding to Rγγ ≤
0.3. The different shades of grey show the points allowed in the
pMSSM without cuts and those allowed by the 2011 data and
by the projected 2012 data, assuming no signal is observed.
The point shape gives the classification of the points depend-
ing on the relevant suppression mechanism, as discussed in the
text. The lines in the top plot show the regions which include
90% of the scan points for the A → τ+τ− and Bs → µ+µ−
decays at the LHC and the dark matter direct detection at the
XENON experiment.
5 Conclusion
The Higgs boson searches at the LHC, in conjunction with
those for B0s → µ+µ− again at the LHC and dark matter
direct detection in underground experiments, place highly
constraining bounds on the MSSM parameters. Inspired
Fig. 11. pMSSM points in the (MA, tanβ) (top panel), (MA,
Mχ˜01
) (centre panel) and (MA, Mq˜3), where Mq˜3 is the min-
imum of the masses of the t˜1 and b˜1 squarks (bottom panel)
parameter space, giving RWW , RZZ < 0.3. The symbol colour
and shape coding is the same as in Figure 10.
by the preliminary results reported by the ATLAS, CMS
and LHCb collaborations, we have analysed two scenarios.
The first has a light Higgs boson, with mass 123 < Mh <
127 GeV, no signal from the MET searches and the B0s →
µ+µ− decay with SM-like branching fraction. The second
has no light Higgs boson within a factor of three from
the SM rate and again no signal from strongly interacting
sparticles and SM-like B0s → µ+µ− decay rate.
We perform flat scans of the 19-parameter pMSSM
space imposing constraints from searches at LEP and the
Tevatron, flavour physics and dark matter relic density.
We observe that imposing the mass of the lightest Higgs
boson in the range 123 < Mh < 127 GeV restricts the
parameter space within a wedge in the (MA, tanβ) plane,
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Fig. 12. pMSSM points in the (MA, tanβ) plane with rate for
bb → H0/A0, gg → H0/A0; H0/A0 → Z0Z0 non-zero (black
points) and exceeding the expected sensitivity to Z0Z0 final
states from the H0SM search for 5 (medium grey) and 15 fb
−1
(light grey) of integrated luminosity.
corresponding to rather large values of the A0 mass and
moderate to large values of tanβ, while it does not signif-
icantly affect the values of the masses of weakly interact-
ing supersymmetric particle partners. Further imposing
that the yields in the γγ, W+W− and Z0Z0 final states
reproduce the rates of candidate events reported by the
ATLAS and CMS collaborations the wedge in the (MA,
tanβ) plane becomes more pronounced and the fraction of
accepted points gets reduced preferentially at large masses
of t˜1, q˜1,2 and χ˜
0
1.
On the contrary, a non-observation of the Higgs boson,
corresponding to a suppression of its yields in the γγ, WW
and ZZ final states to a factor of '3 compared to the
SM expectations, would confine the viable sets of MSSM
parameters to just three narrow regions having light A0
and low tanβ values, Mχ˜01 < M
0
h and invisible h
0 decays or
light t˜1, b˜1 scalar quarks. Each of these scenarios consists
of a tiny fraction of the valid pMSSM points and can be
independently probed, through a direct search for the A0
and H0 Higgs states, light neutralinos and invisible Higgs
decays and light to intermediate mass scalar top quarks.
While it is still too early to draw definite conclusions from
the preliminary LHC results, the continuation of all these
searches at the LHC and dark matter experiments should
provide us with a definite test of the MSSM independent
on the mass scales of the scalar quarks of the first two
generations and of the gluino.
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